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(54) The manufacture of composite materials 

(57) Metal matrix composite is made by assembling 
pre-forms of porous reinforcing material with an array of 
separator plates in a die in a pressure vessel, and infil- 
trating molten metal matrix material. Pre-evacuation fol- 
lowed by pressurisation when the molten metal matrix 
material is introduced into the die aids the infiltration. 
Reproduction of gas during initial heating prior to melt- 
ing speeds the heat-up process. 
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Description 

The invention relates to the manufacture of com- 
posite materials and more specifically to a method for 
manufacturing such materials in which a porous pre- s 
form is impregnated with a matrix material by an infiltra- 
tion process. 

Patent specification QB 2 247 636 describes a 
number of processes which have been used in the man- 
ufacture of metal matrix composite materials and identi- 
fies disadvantages in methods which involve the use of 
massive die blocks to withstand the pressure applied for 
forcing molten metal to infiltrate the pre-form . 

GB 2 247 636 described a method in which matrix 
material and a die containing a porous pre-fbrm of rein- 
forcing material are placed within a pressure vessel. 
The pressure vessel is evacuated whilst both the matrix 
material and the die are heated to a temperature above 
the melting point of the matrix material. The molten 
matrix material is then transferred into the die and the 
pressure vessel pressurised so as to cause the molten 
matrix material to infiltrate the pre-fbrm. 

We have now made a number of developments 
which extend and improve upon the aforesaid method. 

According to the present invention in one aspect 
there is provided a method of manufacturing a compos- 
ite material by infiltrating a molten matrix material into 
porous pre-forms of a reinforcing material, including the 
operations of locating within a die a plurality of separa- 
tor elements of shape such as to define a plurality of 
cavities defining final product dimensions, and filling the 
cavities with porous reinforcing material comprising par- 
ticulate material in which the particle size distribution is 
selected and controlled such that the majority of the 
particles have a size at or close to one of two different 
sizes, the relative proportions of particles at the respec- 
tive two sizes being predetermined, placing the die 
within a pressure vessel together with a quantity of the 
matrix material, evacuating the pressure vessel, heating 
both the matrix material and the die to a temperature 
above the melting point of the matrix material which is 
positioned so that it is or can be brought into contact 
with the said porous reinforcing material, pressurising 
the pressure vessel so as to cause the molten matrix 
material to infiltrate the porous reinforcing material 
within the die, and cooling the die to cause the matrix 
material to solidify. 

Conveniently, the matrix material is initially con- 
tained in a crucible also positioned within the pressure 
vessel, the crucible, the die and the contents of the die 
are heated together to a temperature above the melting 
point of the matrix material and the matrix material 
when molten is transferred from the crucible to the die. 

Preferably the matrix material is initially contained 
within the die together with but separate from the 
porous reinforcing material, whereby, on heating the 
die, both the porous reinforcing material and the matrix 
material are heated to a temperature above the melting 



point of the matrix material, which infiltrates the porous 
reinforcing material. 

In one arrangement according to the invention, the 
separator elements are in the form of thin plates defin- 
ing there-between a plurality of disc- shaped cavities 
filled with the said porous reinforcing material. 

In another arrangement according to the invention, 
the separator elements are arranged in pairs with one 
element of each pair containing cavities filled with said 
porous reinforcement material and defining the desired 
shape of all but one side of the product to be formed 
upon infiltration of the porous reinforcing material with 
matrix material, and the second element of each said 
pair comprising a thin plate positioned adjacent the said 
one element to define the said one side of the product to 
be formed. 

The separator elements may comprise graphite, 
ceramic (e.g. alumina) or metal, provided the metal is 
such as will withstand the temperatures to which the die 
is subjected. We have found that thin separator plates, 
particularly of stainless steel, serve well to enhance 
feed of molten aluminium into the inner regions of the 
cavities containing reinforcing material. The separator 
elements must be such as to withstand exposure to the 
liquid matrix material. Resistance of the separator ele- 
ments to liquid metals can be enhanced by applying 
coatings. Preferably such coatings have mould release 
properties, as for example are provided by boron nitride 
or oxide layers. 

We have also found that it is possible to construct 
the die, for use in this form of apparatus, from a metal 
such as stainless steel with very thin walls. The die can 
then readily be peeled away from the contents after the 
infiltration and cooling to solidify the matrix has been 
completed. It is preferred where practicable to use mild 
steel rather than stainless steel because of its lower 
cost and higher thermal conductivity. 

By introducing an atmosphere (which may be at 
atmospheric pressure) of nitrogen or other gases not 
containing hydrogen into the pressure vessel, the ther- 
mal diffusivity of the pre-forms is increased with a con- 
sequent reduction in heating times. Heating may be 
carried out using resistance elements. However, it is 
preferred to use radio-frequency heating. This is partic- 
ularly advantageous in that radio-frequency can bypass 
thermal insulation, so that the die can be provided with 
selective thermal insulation around the wails to promote 
directional solidification of the matrix material during the 
cooling step. A further advantage of radio-frequency 
heating is that the isothermal condition can be main- 
tained controliably during infiltration. It is also possible 
to preheat the pre-forms outside the pressure vessel 
and then transfer them into the pressure vessel. 

If the separator elements are of metal and a suita- 
ble frequency of radio-frequency heating employed, the 
separator elements will serve to enhance transfer of 
heat into the centre of the pre-forms so that heating 
times can be reduced. Preferably the separator ele- 
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ments have a higher thermal diffusivity than the pre- 
forms which will result in a faster heat up of the core, i.e. 
the inner contents of the die. The separator elements in 
the form of thin plates of relatively high thermal conduc- 
tivity are advantageously provided with flanged portions 5 
at their edges to provide enhanced heat transfer paths 
from the die wall to the next adjacent separator plate. 

As an alternative microwave heating can be used in 
which case, the presence of metals in the die and its 
contents would have to be avoided and the microwave 10 
heating could not, of course, be applied to the melting of 
metal matrix material or any continued heating during 
the infiltration. Enhanced internal heating using micro- 
waves, could, however, be achieved using separator 
plates of an appropriate ceramic such as zircon ia or zir- 15 
conia-coated ceramic. 

In accordance with preferred features of the inven- 
tion, particle size distribution is controlled to provide that 

(a) the volume fraction in the product of the reinforc- 20 
ing material meets the required specification, in 
particular for matching a specified coefficient of 
thermal expansion 

(b) the capillary size of interstices between the par- 25 
tides within the pre-form is such as to permit infiltra- 
tion at moderate pressures and times 

(c) the minimum particle size is larger than Kapitze 
radius 30 

(d) the maximum particle size is less than a critical 
value so as to avoid oversize particles because 
oversize particles are often defective (e.g. cracked). 
Such defects can impair the mechanical properties 35 
of the product and adversely affect application of 
metallising layers. The presence of oversize parti- 
cles can also be undesirable in that the physical 
properties of the composite product are too hetero- 
geneous, especially in thin sections. 40 

The invention provides in another of its aspects a 
method of manufacturing a composite material by infil- 
trating a molten matrix material into a porous pre-form 
of a reinforcing material, comprising locating the pre- 45 
form in a die, covering the pre-form with a mesh held 
between the pre-form and a perforated lid which fits 
firmly within the die, positioning solid metal matrix mate- 
rial on top of the perforated lid within the upper part of 
the die, and heating the die to cause the metal matrix so 
material to melt and pass through the perforated lid to 
be distributed by the mesh and infiltrate the pre-form. 

Preferably the die is placed prior to heating in a 
pressure vessel which is first evacuated and subse- 
quently pressurised after the metal matrix material has 55 
melted. 

Specific constructions of apparatus and method 
embodying the invention will now be described by way 



of example and with reference to the drawings filed 
herewith in which: 

Figure 1 is a diagrammatic sectional view of an 
apparatus, 

Figure 2 is a diagrammatic sectional view of a mod- 
ified apparatus, 

Figure 3 is an enlarged diagrammatic sectional 
view of part of the apparatus shown in Figure 2, and 

Figure 4 is a sectional view on the line 4-4 of Figure 

3. 

Referring to Figure 1 , an apparatus for the manu- 
facture of metal matrix reinforced composite materials 
comprises a pressure vessel 1 which has a base plate 
2. A port 3 connects the pressure vessel 1 to a vacuum 
pump (not shown) or a pressure accumulator, which is 
also not shown, via a two-way valve 4. Mounted within 
the pressure vessel 1 is a chamber 5. in the base of the 
chamber 5 is a port 6 which communicates with the inte- 
rior of the pressure vessel 1 . Near the top of the cham- 
ber 5 is a vent 7 which passes through the base 2 of the 
pressure vessel 1 and includes a valve 8. Inside the 
chamber 5 is a die 9 which is surrounded by a heater 
1 0. Above the die 9 is an open crucible 1 1 which is also 
surrounded by a heater 12. A hole 13 in the bottom of 
the crucible 1 1 communicates with a similar hole 14 in 
the top of the chamber 5. The hole 13 in the crucible 1 1 
normally is closed by a plug 1 5 which can be withdrawn 
when required by a suitable mechanism (not shown). 

In the apparatus shown in Figure 1 , the die 9 com- 
prises a thin walled cylindrical steel vessel with a perfo- 
rated lid 21 which is an interference fit in the cylindrical 
interior of die 9 and is positioned on top of an open 
mesh member. The lid 21 and open mesh member can 
thus be used to press down upon and density the con- 
tents of the die 9 and also permit permeation there- 
through and distribution of molten metal matrix material 
1 7 when this is delivered from the crucible 1 1 . The lid 21 
further serves to prevent contents of the die 9 from float- 
ing upwards when the molten metal matrix material is 
introduced into the die 9. 

Within the die 9 is a stacked array of separator ele- 
ments in pairs referenced 22, 23. The array extends 
continuously from the bottom of the die 9 up to the lid 
21, but only three pairs of separator elements are 
shown in the drawing, for simplicity. 

Each separator element 22 is in the form of a thin 
plate of stainless steel. This cooperates with a double 
sided shaped separator element 23, also of stainless 
steel, to define a plurality of disc-shaped cavities 24. It 
will be appreciated that other shapes can readily be pro- 
vided by appropriate configuration of the separator ele- 
ment 23. 

TTie cavities 24 are filled with pre-forms of reinforc- 
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ing material which, in this example, comprises com- 
pacted particles of silicon carbide. 

The pre-forms are made from a bfend of high purity 
(green) 240 grade and 600 grade silicon carbide. It is 
important to achieve a particle size distribution about s 
the two mean size values which minimizes the presence 
of fines and, indeed, as indicated above, minimizes the 
number of particles having a size less than the Kapitze 
radius. Correspondingly, it is important to avoid pres- 
ence of oversized particles. 10 

A biend involving between 60-70 volume per cent 
240 grade particles and correspondingly between 40-30 
volume percent 600 grade particles gives a maximum 
packed volume fraction of silicon carbide which, in prac- 
tice, can approach 70 per cent, if this maximum is is 
required in the product, we have found that it is practica- 
ble to select a blend biased towards the coarser fraction 
e.g. 70 volume per cent 240 grade with 30 volume per 
cent 600 grade. This is because the packing fraction is 
near a maximum value in the first mentioned range so 
above and therefore changing only very slowly with 
change in particle fraction. By contrast, the permeability 
of the blend is changing at a fast rate over this range 
and a substantial increase in permeability can be real- 
ised by specifying the packing fraction away from the 25 
absolute maximum volume fraction without significant 
loss in volume fraction. 

For manufacturing composites where lower volume 
fractions are acceptable, a relaxation is possible of the 
above mentioned requirement to control grain size dis- 30 
tribution, in particular to avoid presence of fines. For 
such applications it may be appropriate to employ 
unclassified grades of material, as milled. 

Some additional densification of pre-forms may be 
desirable and achieved, for example, by additional pre- 35 
pressing using cold isostatic pressing. Some cohesive 
strength in the pre-forms may be developed by the use 
of binders (e.g. syton colloidal silica binder) or partial 
pre-sintering. Pre-sintering is useful for increasing vol- 
ume fraction whilst maintaining permeability. However, 40 
we have found that it is important for any such pre-sin- 
tering to be carefully controlled to avoid loss of accessi- 
ble porosity. Ideally the effect of pre-sintering should be 
that all existing pores between the particles remain and 
remain accessible but are of reduced dimensions. This 45 
ideal can be approached by using carefully controlled 
microwave heating for the pre-sintering step. 

The desired packing density may be achieved by 
slip casting of silicon carbide mixtures, by freeze cast- 
ing, or sedimentation from a fluid, alternatively warm so 
moulding of compounds loaded with silicon carbide may 
be used. The application of vibration (e.g. ultrasonic 
vibration) may improve packing density. Indeed, ultra- 
sonic vibration may advantageously be applied during 
infiltration to assist the infiltration process. 55 

When the prepared die 9 and its contents are in 
position in chamber 5 ready for infiltration with, in the 
example, molten aluminium matrix material 17 from the 



crucible 11, the vent valve 8 of vent 7 is closed and the 
valve 4 is set to connect the pressure vessel 1 to the 
vacuum pump. When the pressure vessel 1 and the 
chamber 5 have been evacuated, the port 6 is closed. 
The heaters 10 and 12 are switched on and both the 
die, together with the pre-forms 24 and the crucible 1 1 
are raised to a temperature above the melting point of 
the matrix material 1 7 in the crucible 1 1 . For aluminium, 
the die 9 and its contents are preheated to about 700°C 
and the aluminium matrix material 17 to about 730°C. 
The plug 15 is withdrawn so that the molten matrix 
material 1 7 passes into the die 9 under the influence of 
gravity alone. Valve 4 is then reversed to pressurise the 
pressure vessel 1 and cause the matrix material 17 to 
infiltrate the pre-forms 24. Finally the valve 8 and port 6 
are opened so that gas flows from the inside of the pres- 
sure vessel 1 past the die 9 to cool it and solidify the 
composite material within it. This cooling configuration 
has the effect that shrinkage of infiltrated pre-fbrms 24 
during solidification is fed by remaining liquid from the 
supply. This effect is enhanced by providing insulation 
(not shown) around the side wall of the die 9. 

It will be appreciated that the infiltration can be con- 
tinued isothermally as long as required. A particular 
advantage for the silicon carbide/aluminium system is 
that it is a feature of this system that the wetting angle of 
silicon carbide/liquid aluminium reduces over a time 
scale of minutes. The smallest pores, which otherwise 
might not initially be infiltrated under the applied pres- 
sures will be subsequently infiltrated on maintaining 
pressure and temperature over this time scale. In the 
example described above involving an array of separa- 
tor elements and pre-forms 24, an infiltration time 
allowed before cooling of five minutes was found to be 
adequate. 

Figure 2 shows a modification of the apparatus of 
Figure 1, which modified apparatus provides a number 
of advantages. Components which perform a similar 
function to those shown in Figure 1 are identified by the 
same reference numeral, distinguished by the suffix "a". 

Die 9a comprises a thin walled steel vessel having 
a rectangular box shape. The side walls of the die 9a 
are thermally insulated 31. Radio frequency heating is 
provided via coils 1 0a, which couples well with the stain- 
less steel of the die 9a to provide rapid heat-up. 

Port 3a and valve 4a provide for evacuation and 
pressurisation as with the apparatus of Figure 1 . A sep- 
arate pipeline 32 and valve 33 provide for supply of cool- 
ing gas. Vent pipe 7a controlled by valve 8a is fed from 
a perforated collecting ring pipe 34. The cooling gas 
pipeline 32 and collecting ring pipe 34 are positioned so 
as to guide flow of cooling gas over the uninsulated bot- 
tom wall of the die 9a. 

A pre-form 35 of porous reinforcing material is held 
in position within the die 9a by perforated lid 21a which 
is an interference fit in the die 9a. An open mesh mem- 
ber 36 is located between the lid 21a and the pre-form 
35 to distribute molten metal matrix material 37 when 
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this percolates through the perforations in the lid 21a. 
The mesh member also serves to retain silicon carbide 
powder in place within the die 9a. It will be appreciated 
that the functions of lid 21a and mesh member 36 can 
be combined in a single component, e.g. in the form of 5 
a iid alone provided with pores fine enough to serve to 
retain the silicon carbide powder. 

The metal matrix material 37 is positioned initially, 
as shown, as a solid block in the die 9a itself on top of 
the perforated lid 21a. Clearance between the block of 10 
matrix material 37 and the walls of the die is necessary 
to allow for escape of gases from the pre-form during 
evacuation. 

When the prepared die 9a and its contents are in 
position in the pressure vessel 1a, the vessel 1a, is first is 
evacuated and the heater 10a switched on. When the 
metal matrix material 37 has melted, pressure is applied 
via valve 4a. After infiltration is substantially complete, 
the heater 10a is switched off and cooling gas supplied 
under pressure via valve 33 and pipeline 32. At the 20 
same time the vent 7a is opened to atmosphere via 
valve 8a. The resulting controlled flow of cooling gas 
enables well controlled directional solidification to occur 
in the die. 

It will be appreciated that the configuration of Figure 25 
2 has advantages over that of Figure 1 in that the appa- 
ratus is simpler, in particular requiring only a single RF 
heater and avoiding the need for control at high temper- 
ature of the flow of molten metal matrix material. The 
quantity of the latter utilised for each run can be closely 30 
controlled and greater control over the temperature, 
both during heating and cooling can be exercised. 

The apparatus of both Figure 1 and Figure 2 can be 
operated in an improved mode which allows for initial 
heating of the pre-form in the pressure vessel 1,1a with 35 
a gas atmosphere chosen to substantially increase the 
thermal diffusivity of the pre-form material compared 
with the thermal diffusivity when the gas has been evac- 
uated. In this mode of operation the pressure vessel 1 , 
1a is evacuated as before to remove unwanted residual 40 
oxygen or water vapour. Once evacuated, gas may be 
admitted to the vessel 1,1a- This is selected to be non 
reactive or oxidising and also to have a sufficiently low 
moisture content. The gas may be the same as the gas 
used to pressurise the vessel 1 , 1 a in the later stages of 45 
the process, in which case valve 4 is used and connects 
the vessel 1, 1a to the pressure accumulator. Alterna- 
tively, other gases may be used. 

When the pressure vessel 1 , 1a has been filled with 
the gas to the required pressure (usually ambient so 
atmospheric pressure) the heaters are switched on. 
Once the pre-form core temperature is sufficient, gas is 
evacuated by connecting the pressure vessel 1, 1a to 
the vacuum pump as before. The remainder of the proc- 
ess is then as previously described. 55 

Figures 3 and 4 show the die 9a in greater detail 
and, in particular, illustrate a preferred arrangement for 
forming a plurality of rectangular sheets of product. 



Pre-forms of particulate silicon carbide in rectangu- 
lar sheet form are defined and located by an array of 
separator plates 41 . Two opposite sides of the separator 
plates 41 are provided with flanges 42 (see Figure 4) 
which serve to maintain the desired separation of the 
plates 41 and to assist in heat transfer from the walls of 
the die 9a into the innermost components forming the 
core. 

The contents of the die 9a are held in place by lid 
21a and the interposed open mesh 36 serves to distrib- 
ute molten metal matrix material 37 when this perco- 
lates into the pre-forms via the perforated lid 21a. 

The gap between the inner surface of the walls of 
the die 9a and the flanges 42 of the separator plates 41 
is arranged to be as small as possible to enhance heat 
transfer and this will also assist separation of the plates 
41 one from another after infiltration and removal of the 
die 9a. 

The silicon carbide pre-forms can be introduced 
into the spaces between the plates 41 by any of the 
methods described above in relation to Figure 1 . How- 
ever, the particular configuration shown is readily 
loaded using pre-prepared sheets of plastics material 
formed from silicon carbide powders pressed together 
with binder material. Binder can be removed by heating 
prior to the infiltration process. 

It will be observed that the separator plates 41 in 
the arrangement of Figures 3 and 4 are vertical as dis- 
tinct from the generally horizontal configuration of Fig- 
ure 1. The vertical stacking is advantageous in 
providing a better orientation for the infiltration of molten 
metal matrix material, particularly during infilling as 
directional solidification takes place. 

Although graphite or ceramic separator plates 41 
are possible they are preferably made of metal, 
because they are easier to recover and re-use and, in 
general, can provide better thermal conductivity. Metal 
separator plates 41 appear effective in providing 
enhanced infiltration pathways for the molten metal 
material. 

However, use of alloys of carefully chosen thermal 
expansion co-efficient can be advantageous, in which 
case the thermal conductivity may not be so good. For 
example, it is particularly advantageous to tailor the 
composition of alloy separator plates 41 so that their 
coefficient of thermal expansion is less than that of the 
metal matrix composite above the melting point of the 
metal matrix material, but higher below the melting point 
of the metal matrix material. The effect will then be for 
the separator plates 41 to compress the composite dur- 
ing infiltration and shrink away from it after solidification 
to facilitate subsequent separation. 

In another approach, simple flat plates of zirconium 
are coated with colloidal graphite to which is attached 
cut shapes from graphite sheet. The cut-away part 
defines the shape to be replicated in the desired product 
and is filled (e.g. by doctor-blading) with a slurry of the 
ceramic reinforcement particles. After drying, a plurality 
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of pre-forms made up in this way are stacked and infil- 
trated as described above. If desired, holes can be 
made in the dried slurry. These will fill with metal during 
the infiltration process, but the metal can be drilled out 
afterwards much more readily than attempting to drill 
through ceramic reinforced metal. 

If graphite or ceramic separator plates 41 are used, 
it may be desirable to coat the surface with a release 
agent which ideally will also serve to inhibit any ten- 
dency for the molten metal matrix material to infiltrate 
into the graphite or ceramic separator plates. 

The invention is not restricted to the details of the 
foregoing examples. For instance the pre-form shape 
within the die 9 or 9a may be supported by an invest- 
ment material, particularly where complex product 
shapes are required. It is, of course, important that the 
investment material is substantially not infiltrated. We 
have found that fine grit silicon carbide is suitable for this 
purpose and can conveniently be bound using a salt. A 
salt binder which is soluble in water will provide for easy 
removal of the investment material after infiltration and 
solidification of the product is complete. 

In a development, support mounts for dies 9a are 
moveable on a track between a plurality of stations. At 
one or more of these stations a radio frequency heating 
coil in a hood can be lowered (and subsequently raised) 
over the supported die 9a to pre-heat the die and its 
contents. At another station a vacuum chamber and the 
associated equipment as described with reference to 
Figure 2 can be lowered (and subsequently raised) for 
clamping into vacuum tight engagement with the sup- 
port mount. With such an arrangement involving for 
example three stations, it is possible to manage plant 
operation efficiently. Thus, whilst a loaded die is under- 
going infiltration at the central (vacuum chamber) sta- 
tion, loaded dies can be prepared and preheated at the 
outer stations ready for transfer to the central station as 
soon as the infiltration of the preceding batch has been 
completed. 

Claims 

1 . A method of manufacturing a composite material by 
infiltrating a molten matrix material into porous pre- 
forms of a reinforcing material, including the opera- 
tions of locating within a die a plurality of separator 
elements of shape such as to define a plurality of 
cavities defining final product dimensions, and fill- 
ing the cavities with porous reinforcing material 
comprising particulate material in which the particle 
size distribution is selected and controlled such that 
the majority of the particles have a size at or close 
to one of two different sizes, the relative proportions 
of particles at the respective two sizes being prede- 
termined, placing the die within a pressure vessel 
together with a quantity of the matrix material, evac- 
uating the pressure vessel, heating both the matrix 
material and the die to a temperature above the 



melting point of the matrix material which is posi- 
tioned so that it is or can be brought into contact 
with the said porous reinforcement material, pres- 
surising the pressure vessel so as to cause molten 
s matrix material to infiltrate the porous reinforcing 
material within the die, and cooling the die to cause 
the matrix material to solidify. 

2. A method as claimed in Claim 1 , wherein the matrix 
10 material is initially contained in a crucible also posi- 
tioned within the pressure vessel, the crucible, the 
die and the contents of the die are heated together 
to a temperature above the melting point of the 
matrix material and the matrix material when mol- 

is ten is transferred from the crucible to the die. 

3. A method as claimed in claim 1 or claim 2, wherein 
the separator elements are in the form of thin plates 
defining therebetween a plurality of disc-shaped 

20 characters filled with the said porous reinforcing 
material. 

4. A method as claimed in claim 1 or claim 2. wherein 
the separator elements are arranged in pairs with 

25 one element of each pair containing cavities filled 
with said porous reinforcement material and defin- 
ing the desired shape of one side of the product to 
be formed upon infiltration of the porous reinforce- 
ment material with matrix material, and the second 

30 element of each said pair comprising a thin plate 
positioned adjacent the said one element.to define 
the said one side of the product to be formed. 

5. A method as claimed in claim 3 or claim 4, wherein 
35 the separator elements comprise metal which is 

such as to remain rigid and retain its structure at the 
temperatures to which the die is subjected for the 
infiltration. 

40 6. A method as claimed in claim 5, wherein the die 
comprises a thin walled vessel of a metal which is 
such as to remain solid and retain its structure at 
the temperatures to which the die is subjected for 
the infiltration, but which is easily removed after 

45 infiltration and solidification has been completed. 

7. A method as claimed in claim 3 or claim 4 wherein 
the separator elements are made from graphite. 

50 8. A method as claimed in claim 5 or claim 6 wherein 
the die is heated by radio-frequency heating at a 
sufficiently low frequency for the separator ele- 
ments to provide internal heating of the contents of 
the die. 

55 

9. A method as claimed in claim 3 or claim 4, wherein 
the die is non-metallic and the contents thereof are 
heated by microwave heating. 
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10. A method as claimed in claim 9, wherein the sepa- 
rator elements are made of ceramic such as zirco- 
nia which converts microwave radiation into heat. 

11. A method as claimed in any of the preceding 
claims, wherein the size distribution of the particles 
of the porous reinforcing material is controlled to 
minimize the number of particles having a size less 
than the Kapitze radius. 

12. A method as claimed in any of the preceding 
claims, wherein the size distribution of the particles 
of the porous reinforcing material is controlled to 
minimize the number of particles having a size in 
excess of a predetermined maximum size. 



claims, wherein after first evacuating the pressure 
vessel gas is reintroduced for an initial period dur- 
ing the heating and re-evacuated prior to the matrix 
material reaching its melting point. 

5 

20. A product when made by the method as claimed in 
any one of the preceding claims. 

21. A method substantially as hereinbefore described 
io with reference to Figure 1 , or Figures 2, 3 and 4 of 

the drawings filed herewith. 
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13. A method as claimed in any of the preceding 
claims, wherein the said two particle sizes are 
respectively 240 grade and 600 grade. 

20 

14. A method as claimed in Claim 13, wherein the 
blend of particles of the respective two sizes com- 
prises that which provides the maximum volume 
fraction of particulate reinforcement in the final infil- 
trated product. 25 

15. A method as claimed in Claim 13, wherein the 
blend of particles of the two sizes comprises an 
excess of the larger particle size constituent as 
compared with that which provides the maximum 30 
volume fraction of particulate reinforcement in the 
final infiltrated product. 

16. A method as claimed in Claim 13, wherein the 
blend of particles of the two sizes is chosen so as to 35 
provide a predetermined volume fraction of particu- 
late reinforcement in the final infiltrated product for 
matching a required coefficient of thermal expan- 
sion in the product. 

40 

1 7. A method of manufacturing a composite material by 
infiltrating a molten matrix material into a porous 
pre-form of a reinforcing material, comprising locat- 
ing the pre-form in a die, covering the pre-form with 

a perforated closure member which fits firmly within 45 
the die, positioning solid metal matrix material on 
top of the perforated closure member within the 
upper part of the die, and heating the die to cause 
the metal matrix material to melt and pass through 
the perforated closure member to infiltrate the pre- so 
form. 



18. A method as claimed in Claim 1 7, wherein the die is 
placed prior to heating in a pressure vessel which is 
first evacuated and subsequently pressurised after ss 
the metal matrix material has melted. 



19. A method as claimed in any one of the preceding 
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